INTRODUCTION
Patients with liver cirrhosis have increased pulmonary flow (1) , arterial oxygen desaturation (2) , low pulmonary vascular resistance (3) , and hyperventilation (4) . Various explanations have been offered for the arterial hypoxemia, but none has proved satisfactory. The shift to the right in the oxyhemoglobin dissociation curve (5) is insufficient to explain the degree of desaturation that occurs (6) . The normal diffusing capacity (4), the increased alveolar-arterial oxygen tension gradient (7) , the failure to fully saturate arterial blood during oxygen breathing (4, 7) , and the results of isotope gas studies (8) have been presented in favor of venous ad-mixture as the cause of the arterial hypoxemia. Necropsy studies, however, in patients with liver cirrhosis have revealed intrapulmonary arterio-venous anastomoses or portopulmonary venous communications in only a few patients (9, 10) .
Recently Cotes, Field, Brown, and Read (11) postulated that, in the absence of a ventilatory defect, the arterial hypoxemia might be ascribed to inappropriate distribution of pulmonary flow relative to ventilation. If the lungs were unable to regulate perfusion, then the paradoxical combination of arterial hypoxemia and low pulmonary vascular resistance might occur. We postulated that impairment of the hypoxic vasoconstricting mechanism might be responsible for both low pulmonary vascular resistance and arterial hypoxemia in patients with liver cirrhosis.
In this study we attempted to compare the effects of inspiratory hypoxia in patients with cirrhosis, in normal subjects, and in patients who had certain clinical features simliar to those of patients with cirrhosis, namely, increased pulmonary flow, anemia, and the presence of a chronic debilitating illness. Failure of cirrhotic patients, compared to the controls, to increase pulmonary vascular resistance during hypoxia would favor the hypothesis.
METHODS
Liver cirrhosis. We selected for study 10 patients (six males and four females, ages 30-56 yr) with severe alcoholic liver cirrhosis who had evidence of a hyperkinetic circulatory state as judged by tachycardia, bounding pulses, and warm-flushed extremities. Hepatomegaly was present in all patients; splenomegaly, ascites, pedal edema, cutaneous spiders, and esophageal varices in nine patients and icterus in seven. In six patients liver biopsy confirmed the presence of liver cirrhosis. In four, biopsy could not be done because of massive ascites and elevated prothrombin times. None had detectable intrinsic pulmonary disease. At the time of the study nine patients were receiving chlorothiazide, seven were receiving an aldosterone antagonist, and eight were receiving vitamin supplement.
Control groups. The 18 patients used as controls (8 In five of them, the lesion was subsequently confirmed at surgery. (d) Five patients had chronic renal failure and anemia. Procedure. Right and left heart catheterization were performed on each patient after an overnight fast and without premedication. Separate Cournand catheters were introduced into the pulmonary artery and the pulmonary capillary "wedge," so that both pressures could be measured simultaneously. Control measurements of the cardiac output were obtained by the direct Fick principle as has been described (12) . Shortly after the collection of the expired air, cardiac output was also determined by the cardiogreen indicator dilution method except in the patients with intracardiac shunts. The patients then breathed hypoxic mixture (8-14% 02 in N2) for 10-15 min. During the hypoxia, pulmonary arterial, pulmonary capillary wedge, and systemic arterial pressures were simultaneously recorded every 2 min. The pressures used in the calculation of pulmonary vascular resistance were those nearest in time to the measurement of pulmonary flow. After 10 minutes of hypoxia, blood samples were taken for measurement of arteriovenous oxygen difference in all patients and cardiac output was measured by indicator dilution method in 14 patients. For the calculation of the cardiac output during hypoxia, we assumed that the oxygen uptake was equal to that measured during room air breathing (13) . Indicator dilution curves used as a check showed good correlation (range +20%) in the per cent change of cardiac output as measured by the two methods. Pulmonary vascular resistance (units), cardiac index (liters/min'0), venous admixture, and alveolar-arterial oxygen tension gradient were calculated utilizing conventional formulas. Statistical analysis of the differences in readings for liver cirrhosis and control patients was made using the "two factor experiment with repeated measures and unequal groups size" (14) . Values during hypoxia which are different from the controls (P <0.05) are indicated in Tables I and II. The abbreviations are given in Table I .
* Indicate mean values which differ (P <0.05) from control.
Two patients who had A-V 02 differences less than one had calculated values of pulmonary flow greater than 25 liters/min, and are not included in flow and resistance columns. RESULTS Room air. The mean pulmonary arterial pressure and pressure gradient between pulmonary artery and pulmonary capillary wedge in patients with liver cirrhosis were within normal limits and did not differ from those found in the control groups. In the cirrhotic and control Po (mm Hg) 02 FIGURE 2 Effects of hypoxia on the pulmonary vascular resistance in patients with cirrhosis and control groups. Symbols used are the same as in Fig. 1 'Abbreviations used in this paper: A-a, alveolar-arterial;
A-V, arterio-venous.
In the absence of gross A-V shunts, it may be presumed that the failure of the patients with liver cirrhosis to respond to hypoxia is due to an impairment or even absence of the hypoxic vasoconstricting mechanism A loss of this mechanism has not been reported previously. The cirrhotic patient may stand as a negative example of the teleological "purpose" for hypoxic vasoconstriction in the adult lung. Maintenance of a normal ventilationperfusion relationship may depend on hypoxic vasoconstriction to sustain normal pulmonary vascular resistance and to regulate perfusion. Chronic impairment or loss of this mechanism may ultimately lead to a loss of the pulmonary arteriolar tone, consequent dilatation of the microvascular bed, and an inability of the lung to regulate perfusion. This abnormality could explain in patients with long standing cirrhosis, the low pulmonary vascular resistance, the increased A-a 02 gradient, the arterial hypoxe-mia, and the dilatation of the pulmonary microcirculation.
